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This invention relates in general o elCtronic 
filament-tensioning devies, and in partiCu!ar fo 
the use of bi-metallic strips as cornpensaors for 
expansion of filaments. 
Many of the filaments used in today'S tfi2h 5 
powered electronic tubes have a relatively lrge 
cross-sectional area in order fo facili*ae the car- 
rying of heavy currents. Whei such filmnents 
are used if becomes quite a problem to mainain 
them in the correct spatial relatioiship witti the 10 
test of the tube as changes in temperature occur. 
Often the temperature change is great and the 
filament must go from room temperature with 
no current flowing therein to an omission tem- 
perature oï 2000 degreescentigrae with a heavy 15 
current fiowing. Ttie increased ]ength of fila- 
ments due to thermal expansion over this range 
is appreciable and it must be cbmpensated for 
by some means. One example of  heavy fila- 
ment is the resnatron filament which may be 20 
a staple-shaped device. The ends are reçained 
in holding rings. It is imperative that the active 
or electron-emitting seCtions of the filáïnent be 
maintained a constant distance fornï tlie center 
of the holding rings; ánd also tliàt ttïe active 25 
sections romain straight. 
It is an object of this inventibn, tlïerefoïe, to 
provide a filament-tensioning deViCe. hich will 
positively maintain a filament section in  fixed 
spatial relationship with 
A further object of thîs iriVehioï i to" pro- 
vide a temperature compensating devicë of the bi- 
metallic type which will maintaina filamen sec- 
tion at a constant tension. 
Another object of ttii invention, is t0 provide -35 
a filament tensioning device tht wilt maintain 
a plurality of filaments a constant radial distance 
from a central axis. 
A feature of this invention is f0und in the pro- 
vision for a bi-metallic member whi8h is canti: 40 
leverally connected to a base membeï adjacent 
an end of a filament. The filament may be staple- 
shaped and a Second. bi-meta!lic member may be 
connected adjacent the opposite end of the fila 
ment. The movement of the bi-metal!ic mem- 45 
bers compensate for expansion and contraction 
due fo temperature change. 
Another feature of this-invention, is a provision 
for a bi-metallic ring. which engages a plurality 
of strung filaments, and wherein the filament 5O 
ringcontracts or expands to-compensate for the 
contraction or expansion of the filamentsin, re- 
sponse to temperaturechanges: 
Another feature- of. this invention is round: in 55 
the provision for a bi-metallic member which ex- 

2 
tends between the legs oï a staplëhaped fila- 
ment fo maintain the conter section oï the fila- 
ment in a predetermined patial position. 
Frther objects, features, and advantages of 
this invention will beconie apparent from the 
description and claires when read in the light of 
the drav¢ings; in which 
Figure 1 il]ustrates the temperature compen- 
saing device of this invention as applied to an 
undefiected staple-shaped filament for maintain- 
ing the conter section in a fixed spatial ' relation- 
ship with a reference member; 
Figure 2 illustrates the temperature compensat- 
ing device of Figure 1 under heated conditions; 
Figure 3 illustrates a modifiCation Of the tem- 
perature compensating deVice of this invention 
wh-erein a bi-metallic srip is connected adjacent 
a strung filament for maintaining the tension 
withii tlïe filament substantially constant; 
FigUré 4 is a further modification of this in- 
vention illustrating how a generally crescent- 
shaped bi:mbtallic member may be used for 
nïainaining a stap!e-sliaped filament under sub- 
stntiàlly constant tension dring temperature 
changes; 
Figure 5 iS a-modieation of this invention il- 
lustratiig-a bi-metàllic ring wliich may be placed 
fo enga a p!urality of filaments for maintain- 
ing them in a fixed spatial relationship With re- 
spect to a referenCe meniber; 
Fighre 6 is an enlared Perspective vièw ofthe 
hollïng ring- of Fighïè 5 in contact Wittï the fila- 
ments; and 
Figure  is. an alternative structui'e for the 
holding ring. 
With. reference to Figure 1, a Staplë-shaped 
filament, designated generlly as S: comprises 
the lgs  and 21andthe center portion S: The 
ldgs / and  2 are connected fo holding members 
 and  respectively. The filament staple may 
be ruade of tungsten or any other suitable ma- 
terial. Such filaments are of relatively tiea/y 
cross-sectional area to allow the passage of heavy 
current, and the associated large power- output 
require d in resnatron filament baskets. A plU- 
rality of such filaments, are- spaced about the 
ripherF of holding, rings with the legs ( and  2 
xtending radially inward]y toward he axis of 
the ring. & voltage is applied betweeri tie hol 
ing ringi and a heating current fiows fom one 
ring to the other ring through the fiiaments. 
This current-causes the fïlaments fo be heated' fo 
an electron-emission temPeratre,, thus makin 
themthe electron source of the tube. 
Iii a resnatron tube an anode is placed oñcen- 
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trically about the filament sections and a grid is 
placed between the filaments and the anode. The 
distances between the filaments and the grid and 
anode, respectively, are critical because of the 
high frequency for which the tube is designed. 
It is very important, therefore, to maintain the 
center portion 3 of the filament staple a fixed 
radial distance from the axis of the holding rings, 
and also to maintain the filament straight. In 
order to accomplish this a bi-metallic strip bas 
one end connected to the holding member 4 ad- 
jacent the leg   of the staple filament. The bi- 
metallic strip is positioned such that the material 
8 in contact with the filament leg has a lower 
coefficient of thermal expansion than the other 
material 9 which forms the bi-metallic strip. 
The other leg 2 of the filament staple may have 
a second bi-metallic strip 2 connected to the 
holding member 6, but itis hot imperative that 
both bi-metallic strips 7 and 2 be used. 
The bi-metallic strips 7 and 2, when sub- 
jected to an increase in temperature, defiect 
toward the filament legs, and thus compensate 
for the linear thermal expansion which occurs in 
the center portion 3. The linear expansion of 
the legs   and 2 is also compensated for by the 
defiection of the metallic strips such that the dis- 
tance from the holding members  and 6 will 
not be increased. This lnay be accomplished by 
using suitable materials for the bi-metl]ic strips 
such as, for example, molybdenum and toEntalum, 
and by obtaining the correct length of the metal 
lic strips relative to the length of the legs   and 
2. Figure 2 illustrates the deflected condition. 
If is fo be observed that the bi-metallic strips 
provide another function other than compensa- 
tion for temperature expansion, and that is to 
cool the ends   and 2 and thus avoid the use- 
less waste of heating power. If is tobe observed 
that the bi-metallic strips 7 and 2 are elec- 
trically connected in parallel with the filament 
legs   and 2, respectively, and thus some of the 
cm.rent which fiows through the center section 
3 of the filament wfll hot fiow through the end 
sections  and , but wfll fiow through the bi- 
metallic strips. Thus the power dissipation in 
the end sections is decreased whfle maintaining 
the center section ai a substantially uniform tem- 
perature throughout ifs entire length without 
appreciable end cooling. If is to be noted that 
the bi-metallic strips are sub]ect to a temperature 
change which is caused by (1) conduction from 
the adjacent end sections of the filaments; (2) 
radiation from the hot center section 3 of the 
filament; and () current fiow through them. 
A modification of the invention is shown in 
Figure 3 wherein the holding members 22 and 23 
are spread further apart than in Figure 1, and 
a non-conducting member 24 is formed with legs 
25 and 27 and the filament 2 is stretched there- 
across. The filament ends 28 and 2 are con- 
nected fo the holding members 22 and 23, re- 
spectively, and bi-metallic strips 3 and 32 are 
connected to the holding members and to the fila- 
ment ends 2 and 2. When the temperature in- 
creases, the bi-metallic strips fiex inwardly to- 
ward the axis to maintain the tension in the cen- 
ter section 3 substantially constant. The non- 
conducting member 4 may be ruade of ceramic, 
which has a very low coefficient of expansion, 
and thus, as long as the filament 2 is maintained 
tightly drawn across the legs of the non-conduct- 
ing member, a fixed spatial relationship wfll be 
maintained between the active portion 3 and the 
holding members 22 and 23. Grooves 37 may be 
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formed in the ends of the non=conducting ruera- 
ber to receive the filament therein, and a suitable 
lubricant, such as a smear of titanium, may be 
placed in the groove to facflitate relative move- 
ment between the filament and the non-conduct- 
ing member as expansion and contraction occurs. 
If is fo be noted that the bi-metallic strips may 
be placed on either side of the filament since any 
deflection ïrom a straight line will tend to tighten 
] O the active portion oï the filament. 
Another modification of this invention is filus- 
trated in Figures 5 and 6 wherein a plurality of 
filaments 38 are strung between annular holding 
members 39 and 4 over the annular non-con- 
15 ducting member 42. A bi-metallic annular ruera- 
ber 43 engages a plurality of the filaments be- 
tween the holding member 39 and the non-con- 
ducting member 42. The bi-metallic member 
terminates in the hooks 4 and 4 which engage 
0 adjacent filaments 47 and 46 as shown in Figure 
6. The ring 43 may be used for tensioning a plu- 
rality of filaments. As the temperature increases, 
the ring 43 reduces its radius and thus maintains 
the active filament sections 49 under constant 
5 tension. The filament ends  may be integrally 
formed with the ring 43 to pass therethrough as 
shown in Figure 7. This makes the hooks 44 and 
4 unnecessary. 
A further modification of the invention is il- 
 lustrated in Figure 4 wherein a bi-metallic strip 
2 is of a generally crescent shape and is formed 
with grooves 3 in either end thereof for receiv- 
ing the ends  and 2 of the filament staple. 
Suitable insulating material such as ceramic is 
5 placed between the end of the bi-metallic strip 
and the filament legs to prevent passage of elec- 
tric current through the bi-metallic strip. Thus 
in this modification, the bi-metallic strip is heat- 
ed almost wholly by radiation from the active 
40 section . 
A plurality of filaments may be tensioned by 
connecting a strip 2 to each filament and a ring 
 may be connected to each filament strip to 
maintain alignment among the bi-metallic strips. 
45 If is seen that this invention provides tempera- 
ture compensating devices for filaments. A1- 
though it has been described with respect fo res- 
natron filaments in particular, if is not to be so 
limited and the broad possibflities of this inven- 
50 tion may be applid to any other type of appa- 
ratus which if is desired to operate over a broad 
temperature range and to maintain constant spa- 
tial relationship with a reference member. 
I claire: 
55 1. Temperature compensating apparatus for a 
staple-shaped filament maintained between a 
pair of holding members comprising, a bi-metallic 
strip extending cantileverally from one of said 
holding members adjacent an end section of said 
60 filament, a second bi-metallic strip extending 
cantileverally from the other holding member 
adjacent the other end of said filament, and said 
first and second bi-metallic strips terminating 
adjacent the electron emitting portion of the 
65 filament, 
2. A filament tensioning device for a staçle- 
shaçed filament having two end portions and an 
electron emitting center portion and which bas 
either end supported in a holding member com- 
70 prising, a bi-metallic strip cantfleverally support- 
. ed by one of said holding members and extend- 
ing therefrom adjacent one of said end portions 
oï the filament, and said bi-metallic strii ter- 
minating adjacent the electron emitting section. 
75 3. A temperature ¢ompensating device for 
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maintaining a center portion of a staple-shaped 
filament in a fixed spatial relationship with a 
reference member comprising, a first holding 
means connected to one end of said filament, a 
second holding means connected to the other 
end of said filament, a first bi-metallic strip ex- 
tending cantileverally from said first holding 
member adjacent the one end of said filament 
and terminating adjacent the electron emitting 
portion, and a second bi-metallic strip extending 
cantileverally ïrom the second holding means 
and in engagement with the second filament leg. 
4. A temperature compensating device for a 
filament extending ïrom a first holding member 
to a second holding member with a biïurcated 
bridge placed between said holding members and 
the filament passing there-across comprising, a 
first bi-metallic strip connected to the first hold- 
ing member adjacent the filament end and ex- 
tending along the filament to a point interme- 
diate the bridge member and the first holding 
member, a second bi-metallic strip connected to 
the second holding member adjacent the oppo- 
site filament end and terminating intermediate 
the bridge member and the second holding ruera- 
ber. 
5. A filament tensioning device, according to 
claire 4, wherein said bridge member is formed 
with filament engaging recesses in the ends of 
each bifurcation. 
6. A filament tensioning device for a filament 
mounted between two holding members and pass- 
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ing over a bifurcated bridge member comprising, a 
first bimetallic member connected to one of said 
holding members adjacent a filament end and ex- 
tending along the filament to a point adjacent 
said bridge member. 
7. A filament tensioning device for a filament 
mounted between two holding members and pass- 
ing over a bifurcated bridge member comprising, 
a first bimetallic strip connected to one of said 
holding members adjacent the filament end and 
extending along the filament to a point adjacent 
said bridge, and a second bimetallic strip con- 
nected to the second holding member adjacent 
the opposite end of the filament and extending 
along the filament to a point adjacent the oppo- 
site end of the filament and extending along the 
filament to a point adjacent said bridge member. 
WALTER H. KOHL. 
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